The use of a commercial kit for the monocyte-activation test (MAT) was evaluated for assessing pyrogenic contamination of hyperimmune sera . Three batches of sera, two pyrogen free and one pyrogenic, were tested. Endotoxin spike recover indicated that sample dilutions from 1/2 to 1/10 are suitable. Kit transport and storage conditions were also evaluated, proving that an adequate cold chain must be assured to achieve good results. Furthermore, the commercial MAT kit seemed suitable to replace the rabbit pyrogen test (RPT) for pyrogen testing of hyperimmune sera, although further tests are needed to a full validation.
INTRODUCTION
Pyrogens can be roughly defined as substances, derived from microorganisms, that induce fever in animals (Hartung, 2015) . Lipopolysaccharide (LPS), lipoteichoic acid LTA (Morath, Geyer, Hartung, 2001) , exotoxins (Blackman, Woodland, 1995) , muramyldipeptide (Nakatani et al., 2002) and peptidoglycan (Schleifer, 1975) are examples of pyrogens whose ubiquity is a threat to human health due to their stability (Schindler et al., 2006) .
Whenever a pyrogenic substance enters in the bloodstream, it stimulates innate immunity leading to the secretion of fever-inducing cytokines . The most important are Interleukin-1β (IL-1β), Interleukin-6 (IL-6), Tumor Necrosis Factor-a (TNF-a) and Interferon (IFN-g), which act in the thermoregulatory center of the organism, mediating a rise in body temperature (Schindler et al., 2006) .
All parenteral products for human use must be pyrogen free and Quality Control assessing pyrogenic contamination is mandatory (Brazilian Phamacopoeia, 2010) . In the beginning of the 20 th century, a pyrogen test in rabbits (Rabbitt Pyrogen Test -RPT) was developed and since then it has been used to ensure the safety of biologicals (Hasiwa et al., 2013) . However RPT is not suitable for certain pharmaceutical products -such as radio or chemotherapeutics, analgesics, steroids, cytokines, dopamine and immunosuppressive agents (Greenhough, 2016) -and, as are all animal tests, it is expensive, prone to errors and ethically questionable. The bacterial endotoxin test (BET) -also called Limulus Amebocyte Lysate test (LAL) -was developed later based on the observation that the hemolymph of horseshoe crabs clots in the presence of endotoxins (Hasiwa et al., 2013) . Considering the variety of existing pyrogens, BET should only be used to replace RPT when the potential contaminants are endotoxins. Even though, several plasma fractions or plasma derived medicinal products may inherently contain constituents which interfere with different LAL testing methods (EMEA, 2007; Potu, Burra, Patil, 2011) . It has also been demonstrated that in certain biopharmaceutical product formulations containing citrate, phosphate and polysorbate the endotoxins can be masked and not detected by BET (Bolden et al., 2014) .
Due to the importance of reducing animal testing for the quality control of biologicals in light of the 3 R's principle, alternatives to RPT were developed taking into account the fever induction mechanism of pyrogeninduced cytokines. The monocyte activation test (MAT), for example, is based on the detection of IL-6 or IL-1b induced in human blood monocytes or monocytic cell lines stimulated in vitro by pyrogens (detailed by Peterbauer et al., 1999; 2000) . The test was validated in an international collaborative study (Schindler et al., 2006) and in 2010 the MAT was incorporated in the European Pharmacopoeia (European Pharmacopoeia, 2010) .
The most important drawback for the MAT is the need to use human blood with viable monocytes whose half-life is less than 2 hours in vitro. In addition, according to Brazilian rules, donated blood is the property of the federal government intended only for transfusions or for the purification of blood fractions (Brasil, 2001) , besides biosafety concerns. In order to overcome the limitations related to the use of fresh blood, a cryopreservation method was developed, where the blood could be used immediately after thawing (Schindler et al., 2006) . Commercially, cryopreserved blood is readily available, simplifying the MAT standardization. The commercially available MAT kit uses cryopreserved human blood as a source of monocytes and the response to pyrogenic substances is determined by measurement of the induced Interleukin -1β (IL-1β) by ELISA.
Hyperimmune sera are an important class of biological products constituted of purified specific F(ab')2 fragments produced in immunized horse. Antivenom sera are used for the treatment snakebite envenomationanticrotalus, for instance -or in the treatment of patients with diseases caused by microorganisms (bacteria or virus), using antisera such as antitetanus, antidiphtheria or antirabies. Contamination with microbial molecules and protein aggregates, due to high protein concentration, during the production process may be the reason for the pyrogenicity that cannot be detected by BET (Schindler et al., 2006) .
The US Interagency Coordinating Committee for the Validation of Alternative Test Methods (ICCVAM) declared that "MAT is suitable after a product-specific validation as a replacement for the Rabbit Pyrogen Test (RPT)" (ICCVAM, 2008) . But it must be validated for each product matrix (Bolden et al., 2014) , specially to prove that inherent components will not interfere, resulting in errors.
The aim of this work was to evaluate the use of this commercial MAT kit as part of an effort to replace RPT of hyperimmune sera produced by Instituto Butantan, taking into account standardization and ease of use in a routine testing environment.
The study was based on LPS recovery and the capacity to detect pyrogenicity in a pyrogen positive sample (as previously determined by RPT). Blood cryopreservation and transport conditions were also tested in order to assess the kit's viability considering a routine use in quality control.
MATERIAL AND METHODS

Study design
This study consists of the evaluation of test suitability to detect pyrogens in hyperimmune sera. At least three individual tests were performed with known samples to evaluate equivalence and accuracy (spiking the sample with standard endotoxin). The relationship between kit transport conditions and test validity was also evaluated considering the kit temperature sensitivity.
Samples
Three batches of hyperimmune sera were used in this study: one anticrotalus serum (ACS) and one antidiphtheria serum (ADS), both non-pyrogenic; and one antitetanus serum (ATS), positive for pyrogens as determined by RPT. All samples were kindly provided by the Division of Scientific Development and Production of Instituto Butantan.
Standards
LPS (E. coli O113:H10:K-endotoxin) standard BRP batch 5 supplied by EDQM (European Directorate for the Quality of Medicines and HealthCareEuropean Pharmacopoeia) and distributed by Merck was reconstituted with non-pyrogenic water and stored at -80 °C until use. Standard interleukin-1β used as positive control in ELISA was supplied by Merck. Unless otherwise stated, all reagents were used according to supplier instructions.
Rabbit Pyrogen Test -RPT
No animals were used in this study; the samples were tested in rabbits by the internal quality control of Instituto Butantan, in accordance with the Brazilian Pharmacopoeia recommendations for the routine lot release (Brazilian Pharmacopoeia, 2010) .
PyroDetect System
The MAT system supplied by Merck consists of the PyroDetect Kit (ELISA kit to detect human IL-1 β), Cryoblood (cryopreserved human blood), standard IL-1 β (ELISA positive control) and Standard LPS. The detection Page 3 / 6 system was used following the manufacturer instructions. The assay was performed in two steps. Briefly, incubation with blood (fresh or cryopreserved) and ELISA to detect induced IL-1 β . Samples and standard endotoxin were incubated with cryopreserved blood (16-20 h, 37 °C, 5% CO 2 ) under sterile conditions. The mixtures were then transferred to ELISA microplates coated with monoclonal antibody anti-IL-1 β (2 h, room temperature -RT). After washing, horseradish peroxidase labeled anti-human IL-1 β was added (1 h, RT). The microplate was washed and enzyme substrate was added (20 min, RT). The reaction was stopped with H 2 SO 4 and the absorbance was recorded at 450 nm (reference at 630 nm). Regression and linearity of the standard curves were evaluated by using Combistats 4.0.
Limit of detection (LOD -average absorbance of four independent negative control samples increased by 3-fold the standard deviation and interpolated in the standard curve) was calculated by using GraphPad Prism® 5.01.
Endotoxin recovery testing
In order to evaluate endotoxin recovery rates, the samples of antisera were diluted 1/2, 1/4, 1/8 and 1/10 in RPMI (Roswell Park Memorial Institute) medium (part of the PyroDetect kit) and submitted to the MAT either diluted uncontaminated or contaminated with 0.5 EU/ mL of standard endotoxin. Through the standard curve, endotoxin recovery was calculated by using GraphPad Prism 5.01 software, considering the Asymmetric sigmoidal model. The endotoxin recovery test was performed 3 times for dilutions 1/2, 1/4 and 1/8, and 4 times for dilution 1/10. The ANOVA test was used to compare experimental groups. Relative standard deviation (RSD% -100 x ratio standard deviation/mean) was calculated for all data groups.
Cryoblood transport
Cryoblood is a cryopreserved standardized human blood preparation (certified pool of 8-10 donors). It must be transported and stored at temperatures lower than 80 °C as indicated in the product notice.
Maximum Valid Dilution (MVD) calculation
In order to define the maximum dilution at which pyrogens can still be detected, MVD was calculated in accordance with the formula defined in the European Pharmacopoeia (European Pharmacopoeia, 2010): MVD = CLC x C/LOD where: CLC = contaminant limit concentration; C= concentration of test solution; LOD = Limit of detection of the test: 0.25 EU/mL; Endotoxin limit concentration for parenteral drugs: 5 EU/kg/h (European Pharmacopoeia, 2010); -Maximum dose for each serum is specified in the respective product notice or in the user's recommendations published by the National Authority, namely: ACS -200 mL/70 kg/24 h; ADS -120 mL/70 kg/24 h; ATS -20 mL/70 kg/24 h.
RESULTS
Endotoxin standard curve
Endotoxin standard curves were prepared for five different cryoblood lots. The difference between these lots regarded the transport conditions. All kit lots were transported in dry ice, though through different routes. Some were transported under rigid temperature control while others were not monitored and transported under less rigid temperature conditions. Two curves were prepared for the transport at a rigidly controlled and monitored temperature (more than 90% of the time the temperature was lower than 70 °C), and three for the transport at no rigid temperature conditions (Figure 1) , herein called unmonitored. When the Cryoblood is transported at unmonitored, hence unknown, conditions (although after its arrival in the laboratory it was stored at temperatures lower than -80 °C), the results were lower than expected (Figure 1 ). Calculated LOD ranged from 0.010 EU/mL (curve 5) to 0.423 EU/mL (curve 3) (Table I ). However, curves 2 and 3 were considered invalid due to their highest LOD (above 0.250 EU/mL), hence they were not considered in further analyses.
Endotoxin recovery
The diphtheria antiserum, the tetanus antiserum and the crotalus antiserum were tested to assess the endotoxin recovery rate. In order to establish the better sample dilution to test performance, meaning the one or those whose recovery is in the range 50-200% and the Relative standard variation (precision) is as low as possible, the endotoxin recovery rate was plotted against sample dilutions (Figure 2 ). Using ANOVA, no significant differences were observed among the dilutions (p>0.05). However, when the sample was tested pure undiluted, recovery was lower than with the diluted samples, outside of the limit range (50-200%).
MVD calculation for tested antisera
MVD depends on the type of antiserum, because concentrations and uses vary according to the treatment conditions. Calculated values of MVD were: ACS: 168; ADS: 280 and ATS: 1680 all of them above the dilutions used in this study.
Monocyte Activation Test (MAT)
Using the valid standard endotoxin curves (Figure 1 , Table I ), the endotoxin recovery rate was calculated for ADS (diluted 1/8), ATS and ACS (diluted 1/10); all results were within the required range of 50-200%. As expected, the non-spiked ATS resulted positive for pyrogen, i.e., above the limit of detection of the standard curve (Table II) .
DISCUSSION
The suitability of a MAT commercial kit for pyrogen testing in hyperimmune serum samples was evaluated. Three different samples, positive and negative for pyrogens, were tested using the kit; in our experimental conditions, the presence of pyrogens was easily and accurately verified. The lowest RSD values in the endotoxin recovery rates were observed when the samples were diluted 1/2 until 1/10 ( Figure 2 ) and sample dilution did not interfere with the endotoxin detection. These dilutions were lower than the maximum dilution value (MDV) for each sample, avoiding false-negatives due to high dilution. The commercial MAT kit used following the manufacturer's recommended conditions successfully detected pyrogenicity (in endotoxin equivalent units -EEU/mL) in the pyrogenic sample.
The MAT commercial kit is easy to use but as a bacterial endotoxin is used as for the standard curve, the results depend on its suitable handling. Well-trained technicians would not have any difficulty performing the test adequately.
Animal testing for quality control of biologicals is 2 -Endotoxin recovery rate (%) of the undiluted antiserum, the diluted serum and the antiserum spiked with standard endotoxin (0.5 EU/mL). The recovery rate was calculated by interpolation from the standard curve subtracting the endotoxin equivalent of the non-spiked sample. The numbers indicate the relative standard deviation for each dilution. There were no statistically significant differences among the groups. living on borrowed time, depending only on the scientific community efforts to validate and implement alternatives.
RPT is an important and mandatory safety test for some biologicals (Brazilian Pharmacopoeia, 2010) , notably hyperimmune sera, but besides the ethical issues, rabbits are expensive animals to obtain and keep and for this test reuse is not recommended (Brazilian Phamacopoeia, 2010) . Established alternatives, such as BET, are mostly indicated for the control of water for injection, but is not suitable to warrant serum safety. In Brazil, unfortunately, an alternative to RPT is still not available. In order to reduce the total number of animals for batch control, an interesting approach might be the use of MAT for in-process control, leaving RPT just for the final product until the alternative test is fully validated and accepted by the national authority. The purpose of this work was not to replace the method validation study, once only few parameters could be evaluated. Full validation should also include robustness and large sample number in order to check precision and accuracy (ICCVAM, 2008) , in addition to spiking with other known pyrogens, such as lipotheicoic acid (Da Silva et al., 2016) . However, this kind of study may become impracticable if kit transport and storage conditions are not properly monitored or controlled as demanded by the kit notice and as demonstrated in this study (Figure 1 , Table I ). The main advantage of using a commercial kit is the standardization of the reagents and, in this case, specifically cryopreserved blood. Since the use of fresh blood may be proove difficult for logistic or even legal issues (Brasil, 2001) , commercial kits containing cryopreserved standardized blood are an interesting alternative, which could lead to the successful replacement of RPT. This available commercial blood consists of a standardized pool of 8-10 donors, certified, which means it might be an interesting advantage from thequality assurance point of view. Nevertheless, the drawback of this approach is the need for an appropriate cold chain maintenance to allow the use of cryopreserved blood, which could be an issue for developing countries.
This became clear during this study. Kit transportation and storage must be carefully managed respecting reagents temperature sensitivity in order to avoid kit instability, ultimately leading to test invalidity (Figure 1) .
The test showed equivalence to RPT and detected pyrogens in the tested samples. Although a full validation study is still mandatory for the test to be implemented in a quality control routine, this study demonstrates that the MAT commercial kit is suitable for the detection of pyrogen in hyperimmune serum samples. 
